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METHOD AND APPARATUS FOR IMAGE 
FORMING CAPABLE OF EFFECTIVELY 
CONTROLLING A LIGHT BEAM WITH A 

PULSE WIDTH MODULATION 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a method and apparatus 

for image forming, and more particularly to a method and 
apparatus for image forming that is capable of effectively 
performing a light beam With a pulse Width modulation 
using various gray-scale pulses. 

2. Discussion of the Background 
Conventionally, electrophotographic is Widely applied to 

an image forming apparatus such as a laser printer using a 
semiconductor laser. In this apparatus, the laser light beam 
is de?ected With a polygon mirror to scan a surface of a 
photosensitive member, thereby forming a latent image of an 
object image. 
As an example of this type of apparatus, Japanese unex 

amined patent application publication No. 08-018782 
describes a multiple color information recording apparatus 
attempting to improve an image quality With a pulse Width 
modulation (PWM) method. The PWM method controls a 
time period de?ned as a duty of an on-time of a laser diode. 

Also, a technique is knoWn Which improves an image 
quality by increasing a recording resolution. In this tech 
nique, a laser diode is driven to emit laser light at a density 
more than tWice an input image density, or a number of input 
pixels, in at least one of the main scanning and sub-scanning 
directions. In recent years, this technique is Widely used to 
improve the image quality, in Which the recording is per 
formed at such a high resolution With a reduction of a 
number of gray-scale included in image data. 

Generally, a dither method and an error diffusion method 
are used for a case Where a gray-scale is expressed With 
binary image data, for example. The PWM method can also 
be used for such case. In the PWM method, a pulse is 
prede?ned With a certain Width and a dot is formed using this 
pulse. In order to obtain a superior image quality, it is needed 
to select a pulse having the most preferable Width. 

The PWM method can also be used for a case Where a 
gray-scale is expressed With image data of a multiple value 
such as a four-stepped-value, an eight-stepped-value, and so 
forth. In the multiple value, the four-stepped-value has three 
levels of data, the eight-stepped-value has seven levels of 
data, and so forth. To each of these levels of data included 
in each multiple value, a pulse is prede?ned With a Width. In 
this case, it is also needed to select a pulse having the most 
preferable Width so as to obtain a superior image quality. 
A free selection of pulses is preferable to obtain a pulse 

having the most suitable Width. HoWever, it is dif?cult to 
prede?ne a pulse Width by dividing it into relatively small 
steps, Which increases a manufacturing cost, particularly in 
a case Where a recording is performed at a relatively high 
resolution and at a relatively fast recording speed. 

Therefore, in an apparatus that generates, for example, 
eight different pulses including one-eighth, tWo-eighth, 
three-eighth, four-eighth, ?ve-eighth, six-eighth, seven 
eighth, and eight-eighth, a pulse having the most suitable 
Width is required to be selected from among these eight 
different pulses relative to the data of each gray-scale. As a 
result, it produces a draWback that an image quality is not 
optimiZed. 

In recent years, a red laser diode having a 650-nm-ranged 
Wave length that is capable of reducing a spot siZe has been 
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2 
used as a light source in place of a laser diode of a 
780-nm-ranged Wave length to be able to perform a record 
ing at a high resolution. HoWever, this red laser diode has a 
characteristic that, as illustrated in FIG. 11, a start of an 
actual light emission indicated by a signal S2 is delayed 
relative to a signal indicated by a signal S1 for commanding 
the laser diode to start emitting laser light. Accordingly, laser 
light needed may not be obtained When the Width of a pulse 
is prede?ned Without adjusting the above-mentioned time 
delay. Consequently, this causes a problem that an image 
quality is degraded. 

Actually, When a recording is performed With a red laser 
diode, the pulses having Widths at relatively loW duty ratios 
are not usable depending upon a recording resolution or a 
recording speed. This leads to a problem that the narroW 
selection becomes more narroW. 

The above-mentioned Japanese unexamined patent appli 
cation publication No. 08-018782 describes a multiple color 
information recording apparatus capable of selecting a 
method of groWing pulses With the pulse Width modulation 
in accordance With input data and values of the neighboring 
pixels. Such an apparatus can select the positions of pulses 
but not solve the above-mentioned problem of the narroWed 
selection. 

SUMMARY OF THE INVENTION 

This patent speci?cation describes a novel image forming 
apparatus that uses a pulse Width modulation for controlling 
a scanning light beam in an optical Writing system. In one 
example, a novel image forming apparatus includes a pho 
tosensitive member, a modulation data storage, a pulse Width 
modulator, and an optical Writing mechanism. The photo 
sensitive member is Written a latent image on a surface 
thereof. The modulation data storage stores a plurality of 
different gray-scale pulse sets. Each of the plurality of 
different gray-scale sets includes a plurality of gray-scale 
pulses having pulse Widths different from each other in steps 
of a predetermined value Which corresponds to gray-scale 
information including a plurality of gray-scale values pos 
sibly contained in image data to be input. Each of the 
plurality of gray-scale pulses is made of a combination of at 
least tWo pulses including at least one of left-positioned and 
right-positioned pulses. The pulse Width modulator selects a 
gray-scale pulse set from among the plurality of different 
gray-scale sets stored in the modulation data storage in 
accordance With gray-scale information contained in input 
image data and performs a pulse Width modulation to control 
a light beam on and off in accordance With the input image 
data at a density tWice or more than tWice a density of the 
input image data by using the gray-scale pulse set selected. 
The optical Writing mechanism causes the light beam to scan 
the photosensitive member so as to form a latent image on 
the photosensitive member in accordance With the input 
image data. 
The pulse Width modulator may control the light beam on 

and off at a density tWice a density of the input image data 
in a main scanning direction, or in a sub-scanning direction, 
or in both main scanning and sub-scanning directions. 

Each gray-scale pulse included in the gray-scale pulse set 
may be made of a combination of a right-positioned pulse 
and a left-positioned in this order. 

An input mechanism may be included for inputting infor 
mation to prede?ne or to change each gray-scale pulse 
included in a gray-scale pulse set prestored in the modula 
tion data storage. 
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A source of the light beam may be a red laser diode having 
a 650-nm-ranged Wave length. 

The pulse Width modulator in turn may perform the pulse 
Width modulation for the input image data of yelloW, 
magenta, cyan, and black colors. Also, the optical Writing 
mechanism may in turn form the latent image of yelloW, 
magenta, cyan, and black colors on the photosensitive 
member in accordance With the input image data of yelloW, 
magenta, cyan, and black colors, respectively, by causing the 
light beam to scan the photosensitive member. In this case, 
the light beam is in turn controlled in accordance With the 
input image data of yelloW, magenta, cyan, and black colors, 
respectively. 

The predetermined value may be a one-eighth of a pixel 
of the image data to be input. 

This patent speci?cation further describes a novel method 
of image forming that uses a pulse Width modulation for 
controlling a scanning light beam in an optical Writing 
system. In one example, a novel method includes the steps 
of storing, entering, selecting, performing, and controlling. 
The storing step stores a plurality of different gray-scale 
pulse sets. Each of the plurality of different gray-scale sets 
includes a plurality of gray-scale pulses having pulse Widths 
different from each other in steps of a predetermined value 
in accordance With gray-scale information including a plu 
rality of gray-scale values possibly contained in image data 
to be input. Each of the plurality of gray-scale pulses is made 
of a combination of at least tWo pulses including at least one 
of a left-positioned pulse and a right-positioned pulse. The 
entering step enters input image data. The selecting step 
selects a gray-scale pulse set from among the plurality of 
different gray-scale sets in accordance With gray-scale infor 
mation contained in the input image data entered by the 
entering step. The performing step performs a pulse Width 
modulation using gray-scale pulses included in the gray 
scale pulse set selected by the selecting step to control a light 
beam on and off in accordance With the input image data at 
a density tWice or more than tWice a density of the input 
image data entered by the entering step. The controlling step 
controls the light beam to scan a photosensitive member to 
form a latent image on the photosensitive member in accor 
dance With the input image data entered by the entering step. 

The performing step may perform the pulse Width modu 
lation to control the light beam on and off at a density tWice 
or more than tWice a density of the input image data in a 
main scanning direction, or in a sub-scanning direction, or in 
both main scanning and sub-scanning directions. 

Each gray-scale pulse included in the gray-scale pulse set 
may be made of a combination of a right-positioned pulse 
and a left-positioned in this order. 

The above-mentioned method may further include a step 
of inputting information to prede?ne or to change each 
gray-scale pulse of the plurality of gray-scale pulse sets 
prestored by the storing step. 
A source of the light beam may be a red laser diode having 

a 650-nm-ranged Wave length. 
The selecting step may select a suitable gray-scale pulse 

set from among the plurality of different gray-scale sets in 
accordance With gray-scale information contained in each of 
yelloW, magenta, cyan, and black color image data included 
in the input image data entered by the entering step each 
time one of the yelloW, magenta, cyan, and black color 
image data is processed one after another. In this case, the 
performing step performs the pulse Width modulation using 
gray-scale pulses included in the suitable gray-scale pulse 
set selected by the selecting step to control the light beam on 
and off in accordance With each of the yelloW, magenta, 
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cyan, and black color image data. Then, the controlling step 
controls the light beam to scan a photosensitive member to 
form a latent image on the photosensitive member in accor 
dance With gray-scale information contained in each of 
yelloW, magenta, cyan, and black color image data included 
in the input image data entered by the entering step each 
time one of the yelloW, magenta, cyan, and black color 
image data is processed one after another. 
The predetermined value may be a one-eighth of a pixel 

of the image data to be input. 

BRIEF DESCRIPTION OF THE DRAWINGS 

A more complete appreciation of the disclosure and many 
of the attendant advantages thereof Will be readily obtained 
as the same becomes better understood by reference to the 
folloWing detailed description When considered in connec 
tion With the accompanying draWings, Wherein: 

FIG. 1 is a schematic block diagram for explaining an 
image forming apparatus according to an embodiment of the 
present invention; 

FIG. 2 is a schematic block diagram for explaining a laser 
Writing system of the image forming apparatus of FIG. 1; 

FIG. 3 is a schematic block diagram for explaining a laser 
diode controller of the laser Writing system of FIG. 2; 

FIGS. 4Ai4D and 5A and 5B are examples of gray-scale 
pulses having a double density in a main scanning direction 
and Which is used by the laser diode controller of FIG. 3; 

FIGS. 6Ai6D are examples of gray-scale pulses having a 
double density in a sub-scanning direction; 

FIGS. 7Ai7E are examples of gray-scale pulses having a 
double density in the main scanning and sub-scanning 
directions; 

FIG. 8 is a schematic block diagram for explaining a 
modi?ed version of the image forming apparatus such that 
data for determining the gray-scale pulses is input by an 
operator through an operation panel; 

FIG. 9 is an illustration for explaining a color image 
forming apparatus according to another embodiment of the 
present invention; 

FIG. 10 is an illustration for explaining a color image 
forming apparatus according to a different embodiment of 
the present invention; and 

FIG. 11 is a time chart for explaining a relationship 
betWeen a instruction signal for turning a light beam on and 
an actual light beam driven by the instruction signal in a 
background image forming apparatus. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

In describing preferred embodiments illustrated in the 
draWings, speci?c terminology is employed for the sake of 
clarity. HoWever, the disclosure of this patent speci?cation is 
not intended to be limited to the speci?c terminology so 
selected and it is to be understood that each speci?c element 
includes all technical equivalents that operate in a similar 
manner. Referring noW to the draWings, Wherein like refer 
ence numerals designate identical or corresponding parts 
throughout the several vieWs, particularly to FIG. 1, a 
description is made for an electrophotographic image form 
ing apparatus 1 according to a preferred embodiment of the 
present invention. This image forming apparatus 1 is pro 
vided With a laser Writing system 20 that employs an LD 
(laser diode) controlled to emit a laser beam in accordance 
With image data obtained from an original document through 
an image reading unit 3 for optically reading an image and 
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that Writes an image on a photosensitive member With the 
laser beam. FIG. 1 illustrates the image forming apparatus 1, 
particularly focusing on the laser Writing system 20 thereof. 
As shoWn in FIG. 1, the laser Writing system 20 of the image 
forming apparatus 1 includes a photosensitive drum 31, a 
charging unit 32, an optical unit 21, a development unit 34, 
a transfer unit 35, a cleaning unit 36, and a discharging unit 
37. The photosensitive drum 31 is provided as an image 
carrying member on Which an object image to be formed is 
draWn in a form of a latent image. That is, the photosensitive 
drum 31 is charged by the charging unit 32 and is then 
exposed to a light beam 29 emitted from the optical unit 21 
so that a latent image is Written on the photosensitive drum 
31. 

The optical unit 21 is provided as a means of optically 
Writing image information. In the optical unit 21, a laser 
beam emitted from an LD (laser diode) unit 27 (see FIG. 2) 
provided as a light source is converted into parallel light rays 
With a collimate lens (not shoWn). Then, after passing 
through a cylinder lens (not shoWn), the parallel light rays 
are de?ected by a polygon mirror 23 rotated at a relatively 
high speed With a polygon motor 22. Further, the parallel 
light rays are subjected to a sub-scanning direction focusing 
through an f6 lens 24 and a barrel toroidal lens (BTL) 25. 
With this sub-scanning direction focusing, a light gathering 
and a positional correction in the sub-scanning direction are 
performed. After the sub-scanning direction focusing, the 
parallel light rays are re?ected by a mirror 26 and become 
the laser beam 29 Which scans the surface of the photosen 
sitive drum 31. 
The LD unit 27 provided to the optical unit 21 is con 

trolled in accordance With image data transferred from a 
frame memory or the image reading unit, both not shoWn. 
This control Will be explained later. 

The development unit 34 is provided as a unit for visu 
aliZing the latent image formed on the surface of the 
photosensitive drum 31 With toner, and the transfer unit 35 
transfers the visualiZed image onto a recording sheet 28. 

The cleaning unit 36 is a unit for removing a residual 
toner remaining unused through a transfer process, the 
discharging unit 37 discharges electronic charges from the 
photosensitive drum 31, and the charging unit 32 evenly 
charges the discharged surface of the photosensitive drum 
31. 

With the above-mentioned units, the image forming appa 
ratus 1 of the present invention performs the series of 
common electrophotographic processes including charging, 
exposing, developing, transferring, cleaning, and discharg 
ing processes and, after causing a sheet supply unit (not 
shoWn) to feed a recording sheet 28, forms an image on the 
recording sheet 28 being transferred in a direction A With a 
transfer belt (not shoWn). The image formed on the record 
ing sheet 28 is ?xed by a ?xing unit (not shoWn). 

Next, a control circuit of the optical unit 21 is explained 
With reference to FIG. 2. As illustrated in FIG. 2, the optical 
unit 21 further includes an LD (laser diode) controller 10, a 
polygon motor drive controller 14, a sync detection LD 
(laser diode) controller 15, a Write clock signal (WCLK) 
generator 16, a phase sync clock signal (V CLK) generator 
17, a mirror 41, a lens 42, and a sync detection sensor 43. In 
FIG. 2, the polygon motor 22, the BTL 25, and the mirror 26 
are omitted to be shoWn. 

The sync detection sensor 43 is arranged at a position 
close to a starting edge of a delta-like-shaped scanning area 
in the main scanning direction. The sync detection sensor 43 
is con?gured to receive the light beam 29 Which passes 
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6 
through the fO lens 24, is re?ected by the mirror 41, and is 
brought to converge With the lens 42 before impinging on 
the sync detection sensor 43. 
Upon receiving the light beam 29, the sync detection 

sensor 43 outputs a detection pulse (DETP) to the VCLK 
generator 17 and the sync detection LD controller 15. The 
VCLK generator 17 generates a phase sync clock signal 
VCLK in synchronism With the detection pulse DETP, based 
on the Write clock signal WCLK generated by the WCLK 
generator 16 and the detection pulse DETP. The phase sync 
clock signal VCLK is sent to the LD controller 10 and the 
sync detection LD controller 15. 
The sync detection LD controller 15 generates a beam 

drive signal BD in a high state in response to DETP and 
sends the beam drive signal BD to the LD controller 10 
Which uses the beam drive signal BD in a high state to turn 
on the laser diode of the LD unit 27. Initially, the sync 
detection LD controller 15 keeps the beam drive signal BD 
in a high state until receiving the ?rst DETP so that the LD 
unit 27 is continuously driven to emit the light beam until the 
detection of the ?rst DETP. After receiving the ?rst DETP, 
the sync detection LD controller 15 sends the beam drive 
signal BD in a high state to the LD controller 10 based on 
the signals DETP and VCLK at a timing such that the signal 
DETP can securely be detected Without generation of ?are 
light. 
The LD controller 10 controls the LD unit 27 to turn on 

in response to a Width of a pulse signal Which is generated 
from image data sent from the image reading unit or the 
frame memory in synchronism With the signals BD and 
VCLK. When the LD unit 27 turns on, it emits the laser light 
Which, as described above, is converted into the laser beam 
29 to scan the photosensitive drum 31. 
The polygon motor drive controller 14 controls the poly 

gon motor 22 to rotate at a predetermined rpm (revolutions 
per minute) using a control signal sent from a printer 
controller 18. 
The printer controller 18 controls the operations of the 

laser Writing system 20 of the image forming apparatus 1 
using a control signal sent from a controller (not shoWn) for 
controlling the entire operations of the image forming appa 
ratus 1. 
The LD controller 10 is further explained in detail beloW. 

The LD controller 10 includes a pulse Width modulator for 
controlling the light beam to go on and out using a pulse 
Width modulation. As illustrated in FIG. 3, the LD controller 
10 includes a PWM (pulse Width modulation) signal gen 
erator 12 and an LD driver 13. 
The PWM signal generator 12 includes a nonvolatile 

memory and is a modulation data storing means for storing 
various gray-scale pulses con?gured by combinations of 
right-positioned pulses and left-positioned pulses both hav 
ing variations of various pulse Widths, in response to each 
piece of gray-scale information included in image data, and 
by one of these right-positioned and left-positioned pulses. 
Also, in accordance With the gray-scale information 
included in the image data input, the PWM signal generator 
12 selects and reads out a corresponding gray-scale pulse 
from among the gray-scale pulses stored, and sends it as a 
PWM signal to the LD driver 13. 
The LD driver 13 drives the laser diode of the LD unit 27 

to emit the light beam in accordance With the PWM signal 
sent from the PWM signal generator 12 or the beam drive 
signal BD sent from the sync detection LD controller 15. 
That is, the LD driver 13 causes the laser diode of the LD 
unit 27 to turn on in accordance With the gray-scale pulse or 
during a time of receiving the beam drive signal BD. 
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It should be noted that if the image data is binary data, 
having only on and olT states, the PWM signal generator 12 
outputs a stored predetermined gray-scale pulse When the 
image data is in an on state. This on state of the image data 
is regarded as a kind of gray-scale information. In this case, 
the gray-scale pulse may be selected in response to the 
control signal sent from the printer controller 18. Also, if the 
image data is multi-valued data, the gray-scale pulse corre 
sponding to each of the gray-scale information may be 
altered by the control signal sent from the printer controller 
18. 

Next, an example of the gray-scale pulse used in the 
image forming apparatus 1 is explained. The image forming 
apparatus 1 is con?gured to Write an image at a density of 
1200 dpi in the main scanning direction and at a density of 
600 dpi in the sub-scanning direction. On the other hand, 
input image data has a density of 600 dpi in the main 
scanning and sub-scanning directions. That is, the image 
forming apparatus 1 controls the LD unit 27 to cause the 
laser diode thereof to turn on and oiT at a density tWice the 
density of the input image data in the main scanning 
direction. In addition, the smallest Width of the PWM signal 
is de?ned as a Width at a one-eighth duty ratio, that is, the 
smallest Width is one-eighth of a full Width capable of 
Writing an image of one dot of image data. 

In the image forming apparatus 1, since the LD is con 
trolled to turn on and oiT at a density tWice the input image 
density in the main scanning direction, as described above, 
a gray-scale pulse made of a combination of tWo pulses in 
the main scanning direction may be used to Write an image 
of one pixel of image data. 

FIGS. 4Ai4D shoW various examples of the above 
mentioned gray-scale pulse. The gray-scale pulses of FIG. 
4A are made of the same tWo pulses combined. For example, 
a pulse A1 is made of tWo combined left-positioned pulses 
having a Width at a one-eighth duty ratio. A pulse A2 is made 
of tWo combined left-positioned pulses having a Width at a 
tWo-eighth duty ratio. For convenience sake, these positional 
characteristics of the pulses A1 and A2 may be expressed as 
Ll/8+Ll/8 and L2/8+L2/8, respectively. In a similar man 
ner, pulses A3iA8 are de?ned and are expressed as L3/8+ 
L3/8, L4/8+L4/8, L5/8+L5/8, L6/8+L6/8, L7/8+L7/8, and 
8/8+8/ 8, respectively. 
The gray-scale pulses of FIG. 4B are made of left 

positioned and right-positioned pulses combined in this 
order. That is, a pulse B1 is made of a combination of a 
left-positioned pulse having a Width at a one-eighth duty 
ratio and a right-positioned pulse having a Width at a 
one-eighth duty ratio. A pulse B2 is made of a combination 
of a left-positioned pulse having a Width at a tWo-eighth duty 
ratio and a right-positioned pulse having a Width at a 
tWo-eighth duty ratio. As in the case of the pulses A1*A8, 
the pulses B1 and B2 are expressed as Ll/8+Rl/8 and 
L2/8+R2/8, respectively. Similarly, pulses B3iB7 are 
de?ned and are expressed as L3/8+R3/8, L4/8+R4/ 8, L5/8+ 
R5/8, L6/8+R6/8, and L7/8+R7/8, respectively. 

The gray-scale pulses of FIG. 4C are made of a single 
left-positioned pulse. For example, a pulse C1 is made of a 
single left-positioned pulse having a Width at a one-eighth 
duty ratio. A pulse C2 is made of a single left-positioned 
pulse having a Width at a tWo-eighth duty ratio. These pulses 
C1 and C2 may be expressed as LI/ 8 and L2/ 8, respectively. 
In a similar manner, pulses C3iC8 are de?ned and are 
expressed as L3/8i8/8, respectively. 

Further, the gray-scale pulses of FIG. 4D are made of 
left-positioned pulses having di?cerent duty ratios For 
example, a pulse D1 is made of a combination of a left 
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8 
positioned pulse having a Width at a one-eighth duty ratio 
and a left-positioned pulse having a Width at an eight-eighth 
duty ratio. A pulse D2 is made of a combination of a 
left-positioned pulse having a Width at a tWo-eighth duty 
ratio and a left-positioned pulse having a Width at a seven 
eighth duty ratio. That is, these pulses D1 and D2 may be 
expressed as Ll/8+8/8 and L2/8+L7/8, respectively. Simi 
larly, pulses D3iD8 are de?ned and are expressed as L3/ 8+ 
L6/8, L4/8+L5/8, L5/8+L4/8, L6/8+L3/8, L7/8+L2/8, and 
8/8+Ll/8, respectively. 

Other than these pulses shoWn in FIGS. 4A4D, gray 
scale pulses can be made of left-positioned and/or right 
positioned pulses having variable Widths at duty ratios from 
a Zero-eighth duty ratio to an eight-eighth duty ratio in 
one-eighth steps. For example, gray-scale pulses can be 
made of right-positioned and left-positioned pulses in this 
order, as illustrated in FIGS. 5A and 5B. 
The gray-scale pulses of FIG. 5A are made of right 

positioned and left-positioned pulses combined in this order 
and Which have the same pulse Width. For example, a pulse 
E1 is made of a combination of a right-positioned pulse and 
a left-positioned pulse both having a Width at a one-eighth 
duty ratio. A pulse E2 is made of a combination of a 
right-positioned pulse and a left-positioned pulse both hav 
ing a Width at a tWo-eighth duty ratio. These pulses E1 and 
E2 are expressed as Rl/ 8+Ll/ 8 and R2/ 8+L2/ 8, respectively. 
Similarly, pulses E3iE8 are de?ned and are expressed as 
R3/8+L3/8, R4/8+L4/8, R5/8+L5/8, R6/8+L6/8, R7/8+L7/8, 
and 8/ 8+8/ 8, respectively. 
By using the gray-scale pulses of FIG. 5A, an image of 

one dot of image data can be draWn in a single spot during 
a Writing time for tWo consecutive dots in the main scanning 
direction. As a result, each single spot can be formed in a 
stable manner. In addition, the position of a spot to be draWn 
can easily be adjusted by a change of a ratio betWeen duty 
ratios of the right-positioned pulse and the left-positioned 
pulse. For example, the gray-scale pulses of FIG. 5B are 
made of a combination of right-positioned and left-posi 
tioned pulses having a di?cerent duty ratio by a one-eighth 
pulse. That is, a pulse F1 is made of a combination of a 
right-positioned pulse having a Width at a one-eighth duty 
ratio and a left-positioned pulse having a Width at a tWo 
eighth duty ratio. A pulse F2 is made of a combination of a 
right-positioned pulse having a Width at a tWo-eighth duty 
ratio and a left-positioned pulse having a Width at a three 
eighth duty ratio. These pulses F1 and F2 may be expressed 
as Rl/ 8+L2/ 8 and R2/ 8+L3/ 8, respectively. Similarly, pulses 
F3437 are de?ned and are expressed as R3/8+L4/8, R4/ 8+ 
L5/8, R5/8+L6/8, R6/8+L7/8, and R7/8+8/8, respectively. 

In a comparison of the pulse A4, L4/8+L4/8, of FIG. 4A 
and the pulse B4, L4/8+R4/8, of FIG. 4B, for example, both 
pulses A4 and B4 drive the LD unit 27 to emit the light beam 
from the laser diode for a substantially equal time period. 
HoWever, a time interval in Which the LD unit 27 is turned 
OE and is again turned on is di?cerent With these tWo pulses. 
As a result, images formed With the pulses A4 and B4 are 
di?cerent from each other. 
When the one-eighth pulse has a time Width of 2 ns, for 

example, a case Where a gray-scale dot may be draWn With 
the light beam of 6 ns, for example, can use one of the 
folloWing ten variations based on a simple calculation for 
obtaining pulses having a Width at three-eighth duty ratio. 
The ten variations are the pulses of a left-positioned one 
eighth pulse combined With a left-positioned tWo-eighth 
pulse (Ll/8+L2/8) (not shoWn), a left-positioned one-eighth 
pulse combined With a right-positioned tWo-eighth pulse 
(Ll/ 8+R2/ 8) (not shoWn), a left-positioned tWo-eighth pulse 
















